Plant Disease
Sorghum [Sorghum bicolor (L.) Moench] is the world's fourth most important cereal crop after wheat, rice and maize, and is the dietary staple of more than 500 million people in more than 30 countries (19) . It is grown on 42 million ha in 98 countries in Africa, Asia, Oceania, and the Americas. Nigeria, India, USA, Mexico, Sudan, China and Argentina are the major producers of sorghum (http://test1.icrisat.org/sorghum/sorghum.htm). It is a major source of food, feed, fiber and fuel across a range of environments and production systems. Sorghum is an annual crop that is drought tolerant, making it an excellent choice for dry areas. Thus, sorghum is a major crop for the sustenance of human and livestock populations in hot and dry areas of the world. However, diseases and insects, in addition to abiotic stresses, are major impediments to realizing the high yield potential of sorghum cultivars. Developing cultivars resistant to these stresses is the key to improving sorghum productivity in farmers' fields. diseases, and is a major limiting factor in some production areas (12, 29) . Anthracnose weakens the plant, severely reducing grain yield and quality. Estimated grain sorghum losses caused by anthracnose are about 50% on susceptible cultivars (20, 22) . The disease is more prevalent and severe in warm and humid environments, where it causes substantial economic losses. The pathogen causes seedling blight, leaf blight, stalk rot, head blight and grain molding, and thus limits both forage and grain production. Among these, foliar anthracnose is the most pronounced and devastating on forage and grain sorghum, especially on sweet sorghum cultivars (21).
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Leaf blight caused by Exserohilum turcicum (Pass) Leonard and Suggs, is widely distributed, and at times one of the most damaging foliar pathogen of sorghum, causing significant grain losses due to the reduction of the photosynthetic leaf area (2) . When infection occurs at the pre-flowering stage in susceptible cultivars, up to 50% grain yield losses may occur. However, in case of late infection, disease development is slower and yield losses are minimal. The disease is considered more important on dual-purpose grain sorghum, but is especially severe on sweet sorghum (8, 20) .
Rust (Puccinia purpurea Cooke) is another foliar disease of sorghum that reduces forage quality and grain yield. It is widely distributed and occurs in almost all sorghum growing areas of the world. Epiphytotics of rust have been reported in cool and humid regions where sorghum is grown for forage. Under favorable conditions, rust development is fast and affects panicle exsertion and grain development, resulting in poor grain yield. The disease is important because its presence predisposes sorghum to other major diseases, such as stalk rot, charcoal rot, and grain molding (6).
Availability of adequate genetic variation is a prerequisite for genetic improvement of any crop species. Plant genetic resources will be the main contributing factor to future progress in developing new cultivars (28). Germplasm accessions collected and maintained in gene banks represent the vast genetic variation that can be utilized in crop improvement. However, large number of accessions in the germplasm collections often hinders their evaluation and utilization for specific breeding purposes.
To overcome these problems, Frankel (5) proposed the establishment of a core collection (10% of the total) that could be selected from the existing collection of crop species resources in a gene bank. A core collection provides a convenient way to study and Sharma et al. However, a core collection consisting of 10% of the total accessions could still be too large in crops like sorghum for a systematic evaluation of traits of economic importance, such as disease resistance. Consequently, Upadhyaya and Ortiz (24) suggested the concept of a mini-core collection (10% of the core, i.e., 1% of entire collection) that represents most of the useful variation in a crop species. Thus, a sorghum mini-core consisting of 242 accessions from the core collection of 2,246 landrace accessions was developed at ICRISAT in 2009 (27). The objective of this study was to identify sources of resistance to anthracnose, leaf blight and rust through evaluation of the sorghum mini-core collection, for use in disease resistance breeding programs. For the pooled analysis, homogeneity of variance was tested using Bartlett's test (1) . Environment was considered a fixed effect. The variances due to genotypes (σ 
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Anthracnose resistance. REML analysis indicated significant (P < 0.001) variation among the 242 mini-core accessions for anthracnose resistance in both environments separately as well as in the pooled data (Table 1) . Although there was significant interaction between accessions and environments (G×E), the variance component due to genotypes (σ Sudan. More than 60% of these lines were of the Guinea type. These 13 accessions also exhibited a wide diversity for agro-morphological traits (Table 2) .
Leaf blight resistance. REML analysis indicated significant genotypic variance in both years separately, and genotypic and genotype x environment variances in the Plant Disease pooled analysis (Table 1) . Results for leaf blight scores of mini-core accessions were similar to those for anthracnose scores. Although significant interaction between accessions and environments was observed, the variance component due to genotypes were selected as sources of resistance for sorghum breeding programs (Table 2) .
Rust resistance. Significant differences were observed in the mini-core accessions for rust resistance (Table 1 ). In the field, under natural infection, 105 accessions recorded ≤ 10% rust. However, the number of accessions with ≤10% rust was drastically reduced in the greenhouse screening, indicating disease escape in the field screen. Only six accessions were resistant ( ≤10 % severity), and 19 had moderate resistance (11-20% severity) under artificial inoculation (Fig. 1) . These six accessions showed resistance both in the greenhouse and field screens. Among the selected accessions, the highest grain yield (35.44 g/plant) was observed in the anthracnose-resistant accession IS 20632. Nine accessions recorded significantly higher grain yield compared to the trial mean (Table 2) .
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The prime objective of this study of the sorghum mini-core collection was to identify sources of resistance to foliar diseases of sorghum for use in sorghum improvement. We identified 13 accessions resistant to anthracnose, 27 to leaf blight Pyramiding of resistance genes can aid in development of resistant cultivars, but additional sources of resistance are required for each disease. High levels of pathogenic variability in the anthracnose pathogen have been reported due to evolution of new pathotypes. Therefore, it is imperative to identify new and diverse sources of resistance for effective management of this disease through host plant resistance (14) . The presence of a high level of pathogenic variability in leaf blight (4) and rust (31) populations heightens the need to locate new and diverse sources of resistance to these pathogens.
The ICRISAT gene bank with a large collection of sorghum germplasm is a reservoir of genetic diversity that can be exploited for the improvement of sorghum.
However, it is difficult to evaluate the whole germplasm collection for identification of sources of biotic/abiotic stress tolerance. This can be better achieved by evaluating the mini-core accessions representing the entire germplasm collection, thereby avoiding extensive germplasm screening. In this study, we identified sorghum accessions resistant Plant Disease were identified from this mini-core evaluation. These would be the most desirable sources of resistance for breeding programs aiming to develop white-grained hybrids for human consumption, particularly in Asia and parts of west and central Africa.
Three accessions of the Guinea type sorghums (IS 473, IS 23684 and IS 23521), exhibited resistance to all three diseases. Among these, IS 473 has also been reported to Plant Disease be resistant to grain mold (18) . Being an early-maturing line with 65 days to 50% flowering, this accession is a useful source for the development of short-duration diseaseresistant hybrids. Similarly, IS 23684 with 88 days to 50% flowering and 258 cm height is a useful source for breeding medium-duration dual-purpose (grain as well as fodder)
hybrids. IS 473 represented cluster 18 of the core collection, which consists of 45 accessions (27). The cluster to which a particular accession with a trait of interest belongs provides important direction for further focused large-scale screening efforts, as the success rate of identifying additional resistant lines from these clusters has been found to be quite high (P ≤ 0.01) (9) . Thus, it would be useful to evaluate the remaining accessions from cluster 18 that were not included in the mini-core collection to identify additional sources of resistance to major sorghum diseases.
It is evident from this study that resistance to biotic stresses such as foliar diseases can be effectively identified from the mini-core collection comprising only 1% of the total germplasm. There are several such reports of mini-core collections being successfully used to identify resistance sources for diseases (13, 18) , salinity (17) and drought (11, 23) . Identification of disease-resistant accessions from the sorghum minicore would permit use of diverse resistance sources for future breeding efforts and ensure better chances of success in sorghum improvement. Plant Disease 
